Cichorium intybus (Chicory) and Matricaria chamomilla (Chamomile) are well-known medicinal herbs. On the basis of their medicinal values, we analyzed the distribution of phytochemicals in their stems and leaves, including their antioxidant and antimicrobial potential. The phytochemicals were analyzed using standard biochemical tests. The antioxidant potential, total phenolic content (TPC) and total flavonoids were determined by DPPH free radical scavenging activity, Folin-Ciocalteu method and aluminum chloride colorimetric assays, respectively. The antimicrobial activity of extracts was analyzed against 4 pathogenic bacteria; namely, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Bacillus subtilis. Aqueous extracts of Chicory stems and leaves exhibited better DPPH free radical scavenging activity (50% DPPH inhibition at 6.01 ± 0.28 μg/ml) than aqueous extracts of Chamomile (50% inhibition at 18.90 ± 0.37 μg/ml). This corresponded to higher flavonoid and phenol concentrations in Chicory stems (17.24 ± 0.48 μg/ml and 19.77 ± 0.20 μg/ml, respectively) and leaves (18.36 ± 0.32 μg/ml and 10.8 ± 0.12 μg/ml, respectively) than in Chamomile (11.5 ± 0.56 μg/ml total flavonoid concentration and 19.28 ± 0.87 μg/ml total phenol concentration in leaves and 7.76 ± 0.32 μg/ml and 10.47 ± 0.46 μg/ml in stem, respectively). The maximum antimicrobial activity against all 4 bacterial strains was observed in leaf and stem extracts of C. intybus, as compared to M. chamomilla. Our results confirmed that there is a specific distribution of phytochemicals in stems and leaves of both Chicory and Chamomile. Moreover, both these plants are potential sources of natural antioxidants and antimicrobials and thus can be used for medicinal and pharmaceutical purposes.
Introduction
Phytochemicals are a diverse group of molecules widely distributed in plants (Saxena et al., 2013) . These chemicals have gained attention since prehistoric times owing to their multitude of effects on human health and human physiology and their economic importance. Basically, secondary metabolites can be classified into 3 broad classes: alkaloids, phenolics, and terpenoids (Kennedy and Whitman, 2011) . The molecules belonging to these groups further possess several types of modifications, thus increasing the diversity of secondary metabolites. Considering this, it is no surprise that significant attention is focused on the identification of plants rich in putative phytochemicals and their characterization in terms of their medicinal and economic value. In this regard, Cichorium intybus (Chicory) and Matricaria chamomilla are of great importance due to the documented presence of several important phytochemicals.
Cichorium intybus and Matricaria chamomilla are members of the Asteraceae family which is widely distributed in Asia. These plants have been recognized for their medicinal importance owing to the presence of a diverse variety of phytochemicals, such as alkaloids, flavonoids, terpenes, saponins, and tannins (Molan et al., 2003; Srivastava et al., 2010) . Many Chicory varieties are relatively important as agricultural crops with great also been reported that C. intybus has antibacterial (Nandagopal and Rajitha Kumari, 2007) , anti-inflammatory (Cavin et al., 2005) , anti-hyperglycemic (Jackson et al., 2017) and anti-ulcerogenic activities (Rifat-uz-Zaman et al., 2006) . The antioxidants present in Chicory may prevent oxidative damage to macromolecules such as lipids, proteins, and nucleic acids by scavenging various free radicals produced in the body during many biochemical processes (Shui and Leong, 2004) . Free radicals which are produced due to oxidative stress react with lipids, proteins, and nucleic acids and induce apoptosis, which may lead to various neurological, cardiovascular and other physiological disorders (Uttara et al., 2009) . Flavonoids, phenolic acids, ascorbic acid and tocopherols are well-known subclasses of phytochemical compounds which possess antioxidant properties and are used for the treatment of free radicle induced ailments (Bergman et al., 2001 ).
Matricaria chamomilla, also known as Chamomile, is a well-known medicinal plant from the Asteraceae family. Similar to Chicory, Chamomile is well-known for its medicinal value and has been used as an anti-inflammatory, antiseptic, antispasmodic and mildly sudorific compound (Mericili, et al., 1990) . The international demand for Chamomile oil has been increasing steadily as the oil possesses antibacterial and antifungal properties (Singh et al., 2011) . It also improves digestion and is used as a mild sedative (Gould et al., 1973) . Chamomile is also known to possess anticancer activity. A mechanism of action via inducing necrosis / apoptosis, decreasing cell migration and invasion of cancerous cells in human breast cancer cell lines has recently been demonstrated (Nikseresht et al., 2017) . Furthermore, it has been shown that Chamomile consumption significantly reduces the symptoms of generalized anxiety disorder (Mao et al., 2016) . Despite these observations, our knowledge pertaining to phytochemical profiles in different parts of the aforementioned plants is limited. There is a lack of comparative, qualitative and quantitative data regarding the distribution of various phytochemicals in C. intybus and M. chamomilla. Thus, the present study aimed at the identification of putative phytochemicals from stems and leaves of C. intybus and M. chamomilla, followed by their quantification, and assessment of antimicrobial and antioxidant activities of plant extracts.
Materials and methods

Collection of plant material
Chicory intybus and Matricaria chamomilla plants were randomly collected from Srinagar, Kashmir, India. The plant samples were thoroughly washed with tap water and then rinsed with distilled water. After this, the plants were dried in a hot air oven for 2-3 h at 40EC. The leaves and the stems from both plants were separated and subsequently crushed to a fine powder with a pestle and mortar and stored in sealed polythene bags below 4EC until further use.
Preparation of aqueous extracts of stems and leaves
Aqueous extracts of stems and leaves were prepared by dissolving 20 g of stem and leaf powders in 250 ml of water. All mixtures were incubated in an orbital shaker for 72 h at 28EC with shaking (60 rpm). The extracts were filtered through two folds of muslin cloth and the filtrates were collected in 250 ml conical flasks. All filtrates were stored in a refrigerator at 4EC until further use.
Analyses of phytochemicals
The aqueous extracts of stems and leaves were studied for the presence of various phytochemicals following protocols described by Arya and coworkers (2012) .
Test for alkaloids
Mayer's reagent test: to 3 ml of extracts, 1 ml of 1% HCl was added. The mixture was gently heated to 37EC for 20 min. in a water bath, then allowed to cool, and filtered through a muslin cloth. After this, 2 drops of Mayer's reagent were mixed with 1 ml of filtrate and the solution was observed for the presence of creamy precipitates.
Test for carbohydrates
Molisch test: to 1 ml of extract, 2-3 drops of Molisch's reagent were added (10% of 1-naphthol in ethanol). The test tubes were kept at an angle and 1-2 ml of concentrated H 2 SO 4 was carefully added along the sides of the test tubes. The extracts were observed for the formation of a reddish violet ring on the surface.
Test for flavonoids
NaOH test: three milliliters of extracts were treated with 1 ml of 10% aqueous NaOH solution. The appearance of an intense yellow color of the mixture which turned colorless upon the addition of a few drops of diluted HCl indicated the presence of flavonoids.
H 2 SO 4 test: a few drops of concentrated H 2 SO 4 were added to 1 ml of extracts along the sides of the test tubes. The appearance of a yellow color indicated the presence of flavonoids.
Test for glycosides
FeCl 3 test: to 2.5 ml of extracts, 5 ml of concentrated H 2 SO 4 was added and the mixture was boiled for 15 min in a water bath. The mixtures were cooled and neutralized with 20% KOH. Three drops of FeCl 3 were added to half of the mixture and this was observed for the appearance of green-to-black precipitates.
Test for gums and mucilage
One milliliter of extract was mixed with 2.5 ml of absolute alcohol under constant stirring. The formation of precipitates indicated the presence of gums and mucilage.
Test for phenol
FeCl 3 test: a few drops of 10% aqueous FeCl 3 were added to 2-3 ml of extract and the mixture was observed for the emergence of a blue-green color.
Test for phlobatannins
A few drops of 2% aqueous HCl were added to 1 ml of extract and the mixture was boiled for a few minutes. The appearance of red precipitates indicated the presence of phlobatannins.
Test for reducing sugars
Three milliliters of each Fehling solution A and B (Himedia) were mixed, then 1 ml of extract was added and the mixture was boiled for 5-10 min. Brown-red precipitates indicated the presence of reducing sugars.
Test for saponins
Froth test: two milliners of extracts was shaken vigorously in test tubes, and observed for froth formation.
Test for steroids
Liebermann-Burchard test: one milliliter of extract was mixed with 1 ml of chloroform. A volume of 2-3 ml of acetic anhydride was added to the mixture. Two drops of concentrated H 2 SO 4 were added on the sides of the test tubes and observed for the appearance of a blue-green color H 2 SO 4 test: to 1 ml of extract, 6-7 drops of concentrated H 2 SO 4 were added on the walls of the test tubes. The appearance of a red color indicated the presence of steroids.
Test for tannins
FeCl 3 test: as many as 1-2 drops of FeCl 3 were added to 1 ml of extract and this was observed for the appearance of a dark green color.
KOH test: one milliliter of freshly prepared 10% KOH was added to 1 ml of extract. The formation of dirty-white precipitates indicated the presence of tannins.
Test for terpenoids
Salkowaski test: one milliliter of extracts was mixed with 2 ml of chloroform. Three milliliters of concentrated H 2 SO 4 was added carefully on the walls of the test tubes. The appearance of a reddish-brown coloration at the interface indicated the presence of terpenoids.
Antioxidant activity of Chicory and Chamomile aqueous extracts
The Blois method (Blois, 1958 ) was used to determine the free radical scavenging activity of the plant extracts by using DPPH (2,2-diphenyl-1-picrylhydrazyl) as a free radical. Briefly, 0.2 mM DPPH solution was made by dissolution in methanol. Five different concentrations of ascorbic acid (used as a standard: 5 μg/ml, 10 μg/ml, 15 μg/ml, 20 μg/ml, 25 μg/ml) were used to make the standard curve. The test samples were made by taking 10 μl of each extract and dissolving this in 2 ml of methanol. One milliliter of DPPH solution was added to each tube. The tubes were kept in the dark for 60 min and the absorbance of all samples was measured at 517 nm using a spectrophotometer.
The percentage of inhibition was calculated using the following formula:
where A is the absorbance of control and extract, respectively.
Total phenolic content in Chicory and Chamomile plant stem / leaf aqueous extracts
To determine total phenolic content in plant extracts, gallic acid was used as a standard following the protocol given by Siddhuraju and colleagues (Siddhuraju et al., 2003) . The stock solution of the gallic acid was made by dissolving 10 mg gallic acid in 100 ml of distilled water. Five different concentrations of the Gallic acid were used as standards (2 μg/ml, 4 μg/ml, 6 μg/ml, 8 μg/ml, 10 μg/ml) and these were used to make a standard curve. A volume of 20 μl of each extract was taken and adjusted to 2 ml using distilled water. 200 μl of Folin-Ciocalteu reagent and 500 μl of 20% Na 2 CO 3 were added to each tube. The reaction mixtures were incubated for 1 h at room temperature and the absorbance was measured at 760 nm using a spectrophotometer.
Quantification of the flavonoid contents in the plant aqueous extracts
For the quantification of the flavonoid content, quercetin was used as a standard following the protocol given by Jia and colleagues (Zhishen et al., 1999) . Different concentrations of quercetin (2 μg, 4 μg, 6 μg, 8 μg, 10 μg/ml) were used to make a standard curve. For test samples, 10 μl of each extract were dissolved in 100 μl of distilled water. The final volume of each sample was adjusted to 2 ml by adding 1 ml of 2% solution of aluminum chloride and distilled water. The samples were then incubated for 30 min at room temperature and the OD was measured at 470 nm using a spectrophotometer.
Determination of the antimicrobial potential of Chicory and Chamomile aqueous extracts
The antimicrobial potential of plant extracts was evaluated against 4 pathogenic strains of bacteria (namely, Escherichia coli, Bacillus subtilis, Staphylococcus aureus and Pseudomonas aeruginosa) by the disk diffusion method on nutrient agar media, using streptomycin sulfate as a positive control (Zaidan et al., 2005) . The experiments were repeated 3 times. The bacterial cultures were spread on each plate using a sterile glass spreader. The sterile filter paper disks were placed on agar plates and to each disk 50 μl of crude plant extract was carefully added under sterile conditions. The plates were incubated overnight at 37EC in an incubator and the presence of inhibition zones (mm) was analyzed the following day.
Statistical analysis
The extracts were made from 3 different plants and tests were performed for each plant separately. Experimental values are expressed as mean ± SEM. Comparison of mean values between various groups was performed by one way-analysis of variance (one way-ANOVA). P -value < 0.05 was considered to be significant.
Results
Analyses of phytochemicals
The stems and leaves of both plants were screened for the presence or absence of different phytochemicals. Flavonoids, phenols, saponins, steroids, tannins, glycosides, and terpenoids were present in both plant extracts, but the amounts differed. In the case of Chicory intybus, flavonoids, steroids, tannins, and terpenoids were abundantly present in leaves. Phenols were mildly present, and saponins were found in trace amounts. Similarly, in stem extracts flavonoids, phenols, saponins, and terpenoids were abundantly present, while steroids and tannins were found in lesser amounts (Table 1 ).
In the case of Matricaria chamomilla, the phenols, flavonoids, and glycosides were abundantly present in leaves, while in stem extracts flavonoids, phenols, and saponins were present in higher amounts. Similar to Chicory leaves, saponins and tannins were present in lesser amounts in Chamomile leaves. Alkaloids and gums and mucilage were absent from leaf extracts of Chamomile. Terpenoids were found in trace amounts in both stem and leaf extracts. Steroids were absent from stem extracts, while tannins were present in a small amount (Table 2) .
DPPH free radical scavenging activity
DPPH free radical scavenging activity was analyzed for each plant extract. Eight different amounts (20 -160 μl) were used to assess the antioxidant potentials and leaves exhibited maximum antioxidant activity with 50% inhibition (IC 50 ) at 6.01 ± 0.28 μg/ml and 3.52 ± 0.35 μg/ml, which was much better than the antioxidant activity of aqueous extracts of Chamomile (with IC 50 values of 18.89 ± 0.27 μg/ml and 23.90 ± 0.48 μg/ml for stem and leaves, respectively), as shown in Figure 1 .
Quantification of total phenol contents in Chicory and Chamomile aqueous extracts
A volume of 20 μl of each plant extract was analyzed for the total phenolic content using Gallic acid as a standard and expressed as μg/ml of Gallic acid concentration. The aqueous extracts of Chicory stems and Chamomile leaves exhibited higher phenolic content (19.77 ± 0.20 μg/ml and 19.28 ± 0.87, respectively) than Chi- *** P < 0.001, ** P < 0.01 and * P < 0.05, vs. CLs cory leaves and Chamomile stems (10.8 ± 0.12 μg/ml and 10.47 ± 0.46 μg/ml, respectively), as shown in Figure 2 .
Quantification of total flavonoid contents in Chicory and Chamomile aqueous extracts
Plant aqueous stem and leaf extracts of Chicory and Chamomile were evaluated for the presence of flavonoids. The aqueous extracts of Chicory leaves and stems had higher amounts of flavonoids (18.36 ± 0.32 μg/ml and 17.24 ± 0.48 μg/ml, respectively) than aqueous extracts of Chamomile leaves and stems (11.5 ± 0.56 μg/ml and 7.76 ± 0.32 μg/ml, respectively), as shown in Figure 3 .
Antimicrobial potential of Chicory and Chamomile aqueous extracts
The plant extracts were evaluated for their antimicrobial potential against 4 pathogenic bacteria using All values are expressed as mean ± SEM (n = 3).
*** P < 0.001, ** P < 0.01 and * P < 0.05, vs. CL the disk diffusion method. The widely used antibiotic streptomycin sulfate (0.025 g/ml) was used as a positive control. The zones of inhibition were measured (in diameter) to assess the antimicrobial potential of plant extracts. Chicory leaf and stem extracts gave the biggest zones of inhibition against all 4 pathogenic strains: 25.5 ± 028 mm (for E. coli ), 25.8 ± 0.08 mm (for P. aeruginosa), 28.7 ± 0.14 mm (for S. aureus ), and 26.2 ± 0.1 mm (for B. subtilis ) for leaf extracts and 23.9 ± 0.05 mm (for E. coli ), 22.6 ± 0.3 mm (for P. aeruginosa ), 24.6 ± 0.3 mm (for S. aureus ), and 24.7 ± 0.1 mm (for B. subtilis) for stem extracts, as shown in Figure 4 and Table 3 . All experiments were done in triplicate. In the case of aqueous extracts of Chamomile, the stem extract was less effective against 2 pathogenic bacterial strains -E. coli and B. subtilis ; however, leaf extracts showed significant antimicrobial activity against all 4 tested strains. The zones of inhibition for leaf and stem extracts were 23.7 ± 0.4 mm (for E. coli ), 24.9 ± 0.05 mm (for P. aeruginosa ), 21.8 ± 0.1 mm (for S. aureus ), and 23.9 ± 0.05 mm (for B. subtilis ), respectively; and for stem extract, 9.9 ± 0.05 mm (for E. coli ), 27.4 ± 0.3 mm (for P. aeruginosa ), 22.7 ± 0.4 mm (for S. aureus ), and 9.2 ± 0.1 mm (for B. subtilis ), respectively (Table 3) .
Discussion
Plants which rich in phytochemicals constitute natural sources of antioxidant and antimicrobial com- pounds which are of significant economic importance to the pharmaceutical industry. However, these phytochemicals are not evenly distributed throughout the plant body (Kumari et al., 2016) . Distribution of the phytochemicals across the plant parts depends on their genetic makeup and environmental (biotic and abiotic) factors (Szakiel et al., 2011) . In this regard, the present study was conceived to identify the distribution of phytochemicals, antioxidants and antimicrobials in stems and leaves of 2 medicinally important plants: Chicory intybus and Matricaria chamomilla. Chicory intybus is well-known for its antidyslipidemic and antihyperglycemic effects and is also known to improve bowel movement (Nishimura et al., 2015) . Its roots are rich in inulin (40%), can delay the onset of diabetes and are also used for the industrial production of inulin (van Arkel et al., 2012) . The phytochemical analysis revealed that flavonoids, steroids, tannins and terpenoids were abundantly present in Chicory leaves, whereas the stems were mainly enriched in flavonoids, phenols, saponins, and terpenoids (Table 1) . These results were consistent with total phenol and total flavonoid concentrations, which highlights the significantly increased concentrations of phenols in Chicory stems and significantly increased flavonoid concentrations in Chicory leaves. Furthermore, Chicory stems are rich in phenols and show higher antioxidant activity as compared to Chicory leaves. A previous report has also highlighted the antioxidant potential of Chicory stem which was linearly correlated with its phenolic content (Llorach et al., 2004) . It has been reported previously that the predominant phenolic compounds present in chicory are hydroxycinnamic acids, including chlorogenic and cichoric acid, and that fertilizer administration lowers the concentration of phenolic compounds in chicory leaves (Sinkovic et al., 2015) .
Matricaria chamomilla, another medicinally important plant, is known for its anti-depressant properties (Amsterdam et al., 2012) . Chamomile tea is considered suitable for diabetic people, as it improves glycemic control and the serum lipid profile (Rafrar et al., 2015) . Our results highlight that, in chamomile phenols, flavonoids, and glycosides were abundantly present in leaves, while flavonoids, phenols, and saponins were abundantly present in stems (Table 2) . Chamomile leaves also contained trace amounts of saponins and tannins, which were absent from Chamomile stems (Table 2) . Previous reports have demonstrated that Chamomile antioxidant activity is responsible for most of its highly valuable pharmaceutical properties (Rossetto et al., 2005; Miraj and Alesaeidi, 2016) . We have demonstrated that phenols and flavonoids were enriched in the leaves of Chamomile as compared to the stem. This is again consistent with the higher antioxidant activity shown by Chamomile leaves than by its stems, as a higher concentration of stem extract is required for 50% DPPH inhibition, as compared to leaves. Further, Chamomile extracts from both stems and leaves possess more potent antioxidant compounds than those from Chicory (Fig. 1) . Furthermore, the emergence of antibiotic resistant bacterial strains is nowadays a major concern for both human health and the pharmaceutical industries. Pharmaceutical companies are constantly in search of new potent antimicrobial compounds. We have evaluated the antimicrobial activities of extracts obtained from stems and leaves of both Chicory intybus and Matricaria chamomilla plants against 4 pathogenic strains of bacteria.
Our results show that extracts from both Chicory stems and leaves and Chamomile leaves possess more potent antibacterial potential than Chamomile stem extract (Table 3 and Fig. 4) . Previous studies have also reported the antibacterial activity of both Chicory (Petrovic et al., 2004) and Chamomile (Munir, 2014) .
Conclusions
Various parts of Chicory intybus and Matricaria chamomilla are used as herbal medicines against various diseases, as they possess a broad spectrum of secondary metabolites, such as flavonoids, glycosides, steroids, tannins, carbohydrates and terpenoids. The present study demonstrated the differential distribution of phytochemicals in stems and leaves of both Chicory intybus and Matricaria chamomilla. The different antioxidant potentials of the tested plant parts is due to the differential distribution of phenols and flavonoids. Moreover, Chamomile is a more potent antioxidant than Chicory. Furthermore, the extracts from both stems and leaves of both plants showed significant anti-bacterial activities, with Chicory being more potent than Chamomile.
